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Even though in the corporate world psychological science has been widely used, the formal
use of evidence-based psychology in important areas of clinical medicine has been scanty
at best. It was the aim of this study to determine the efficacy of a psychologist-led 2-week
nurse educator training on the infection rate in the neonatal intensive care unit (NICU).
Materials and methods: In 2007, six senior neonatal nurses underwent a training course
focusing on the retrieval of evidence and knowledge of psychological principles that would
allow them to share the evidence in such a way that evidence is effectively brought into
practice.The course was led by a psychologist.The nurses created and delivered their own
teaching modules, all focused on infection control. The rates of bacteremia, 2 years prior
to intervention were analyzed and compared with the rate following the intervention for
3 years.
Results:The immediate output of the course included three teaching modules: hand wash-
ing, sterile procedures, and general measures to control infection. These modules were
subsequently administered to the NICU nurses in regular structured continuous nursing
education sessions. The psychological techniques taught in the course were applied. Bac-
teremia in the NICU significantly decreased in the year of the course and the subsequent
years when compared to previous years (from more than 17 in 2005 and 2006 to less than
10 per 100 admissions to the NICU in 2008 and 2009).
Conclusion:This study suggests that a psychologist-led course, followed by a structured
CNE can lead to a sustainable reduction in infection rates in a NICU.
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INTRODUCTION
Psychological techniques have been widely used in the corporate
world, but reports of formal integration of psychological knowl-
edge into clinical practice and management have been scanty at
best. Here, we report an initiative that aimed at the use of estab-
lished psychological techniques to control the infection rate in a
neonatal intensive care unit (NICU).
In many low and middle income countries, including Malaysia,
the outcomes for very low birth babies (VLBW) are not as good
as in developed nations. Nosocomial infection is one major con-
tributing factor to morbidity and mortality in the neonatal unit.
Infection rates in several of the NICUs in Malaysia can be as high as
20–40% for the VLBW (1–3). The infection rate for VLBW ranged
from 6 to 62% and for extremely low birth weight (ELBW) from
2 to 36% babies, as evidenced by data collected by the Malaysian
National Neonatal Registry (MNNR) in 2006.
Malaysian hospitals tend to have a very high delivery rate (above
10,000 deliveries per year is no exception) but most hospitals are
relatively well equipped with modern ventilators, incubators, and
monitoring systems. Important treatment modalities are available
and the majority of hospitals have neonatologists who are trained
overseas for at least 1 year. Most hospitals have policies and pro-
tocols similar to those used in developed nations. Reasons for
high infection rates may be related to limited infrastructure such
as inadequate ward ventilation and inadequate space leading to
overcrowding.
The other important cause includes problems with knowl-
edge, attitude, and practice of the staff working in the neonatal
units (4, 5). Most Malaysian nurses have graduated from a 3-year
diploma program with minimal evidence-based skills training.
Recently, the government encouraged degree courses for nurses
but up to now, only a minority of nurses have benefited from it.
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Many nurses in Malaysian NICUs start working without having
any advanced neonatal training. Those with advanced training
are not actively involved in the decision making of patient man-
agement. Many neonatal units have organized continuous nursing
education (CNE), but it is not very well-structured, often delivered
by doctors, and often poorly planned and infrequently delivered
(personal communications).
A well-structured in-service CNE program with an active learn-
ing approach, conducted by trained nurse educators could possibly
help to improve some of the poor outcomes for VLBW and ELBW
infants in Malaysia. While there are reports of temporary successful
courses in hand washing, their sustainable effects on attitude and
practice seem hard to achieve (6). In order to obtain a more sus-
tainable improvement, a different approach was tested. A 2 week
psychologist-led nurse education program was organized in July
2007 as a part of the South East Asia Optimizing Reproductive
and Child Health in Developing Nations (SEA-ORCHID) project
in cooperation with Hospital Universiti Sains Malaysia (HUSM).
The SEA-ORCHID project was a collaborative, multidiscipli-
nary, international health project designed to increase the health
of mothers and babies in nine South East Asian hospitals through
evidence-based research generation and implementation. This
article reports on a psychologist-led training course of nurse edu-
cators and its effect on bacteremia rate in a NICU. The program
was designed to optimize motivation and involvement in learning
and sustained behavior change in future nurse educators in the
NICU of a tertiary hospital in Malaysia, enabling them to induce
behavior change in those they trained. The research hypothesis
was that such a program could lead to a sustained reduction in
infection in the NICU.
MATERIALS AND METHODS
A 2-week nurse educator program was developed and run in July
2007 in the NICU at HUSM. HUSM is a teaching hospital and one
of two tertiary hospitals located in the state of Kelantan, a pre-
dominantly rural state in the north-east of Peninsular Malaysia.
During the study period, HUSM provided pediatric surgery and
neurosurgery services to neonates but not cardiac surgery. It has
a delivery rate of 7000–8000 deliveries per year. About 20% of
admissions are related to prematurity but as preterm babies tend
to be admitted longer, about half of the ward is dedicated to the
care of preterm babies. Yearly admissions of extremely and very
low birth weight babies amount to 30–40 and 80–100, respec-
tively. Over the past decade and during the whole study period of
the current study, these figures have not undergone major changes.
Admissions during the study period varied from 1100 (2005) to
1700 (2009) per year.
During the study period, the admission criteria for babies were
not changed and the physical environment of care also did not
undergo any major changes. Even so, there was an increase in the
number of total admissions over the years. This increase may be
related to the establishment of foeto-maternal services in the hos-
pital and not due to an increase in small preterm babies. The mean
yearly admission rate for ELBW was 33 babies per year during 2005
and 2006 (before the intervention) and 29 over the 3 subsequent
years. For VLBW, it was 75 babies per year pre-intervention and
85 per year post-intervention.
Twelve staff nurses were involved in the program. Six of them
were from the neonatal unit and another six from the labor room.
The course was led by a psychologist, specialized in education, and
who was appointed as an educator for the SEA-ORCHID project.
This program was closely based on principles of adult learning the-
ory (7, 8), social learning theory (9, 10), and constructivism (11).
The purpose of this training was to educate this small group of
nurses in the following areas:
- searching for and retrieving evidence relevant to current practice
concerns (finding the evidence);
- insights in the psychology of inducing and undergoing behav-
ioral change;
- evidence-based principles of adult learning (effectively sharing
the evidence);
- support in the design and delivery of workshops to their peers.
After 3 days of interactive class room teaching, the participants
went to search for evidence and were asked to design teaching
modules that were identified as relevant to current practice con-
cerns with the help of local content experts. The neonatal nurses
were divided into three groups of two and each group was respon-
sible for producing one teaching module. Since the main concerns
identified by the neonatal nurses were around infection control,
each of the neonatal modules was about different aspects of infec-
tion control in the NICU. The modules were based on principles of
adult learning for which there was strong evidence and were highly
interactive. Subsequently, each group of nurses demonstrated their
module to each other and received feedback from content experts
and from the course leader. Finally, they taught their peers in the
ward and received more feedback. The hand-hygiene module was
recommending a seven-step procedure. The approach followed
the tell-show-do-feedback principle.
Participants kept a personal reflective learning portfolio. They
were asked to make a summary of this portfolio and these sum-
maries were analyzed using a grounded theory approach. The
participants also completed a pre-and post-knowledge test on
evidence-based practice and effective learning techniques. They
were given opportunities for reflection on the course.
We analyzed the effect of the 2-week training for the six neona-
tal nurses, their subsequent development of the neonatal infection
control teaching modules, and the dissemination of these mod-
ules on neonatal outcomes by examining the bacteremia rate over a
2 year period before, during, and 2 years after the intervention. The
main outcome of the training program was measured in terms of
the bacteremia rate in NICU, HUSM during the 2 years following
the intervention. All infants admitted to the NICU were included
in the analysis.
Data were retrieved from the positive blood cultures database
in the Medical Microbiology Laboratory and from the admission
database of the NICU. Repeated cultures of the same organism
from the same patient were counted as one.
The bacteremia rate was calculated based on the number of
positive blood cultures per 100 admissions. Statistical analysis was
done using SPSS version 12.1 (SPSS Inc, Chicago, IL, USA). Mean
bacteremia rate before and after intervention was compared using
independent t -test and the significant level was set at 0.05.
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RESULTS
The course was attended by six neonatal nurses. During the




3. other measures to control infection in an NICU.
The module on hand hygiene initially highlighted the writ-
ten hand-hygiene policy in the NICU and the proper technique
for hand hygiene in a Power Point presentation. Following that
the trainers went on to show the right technique for each pro-
cedure (hand washing, hand rubbing with disinfectant solution).
Each of the participants in the session was subsequently asked to
perform the procedure, and constructive feedback was provided
by the trainers using the sandwich technique in which first the
good things are mentioned, then the areas for improvement and
then the positive outcome that may follow application of the sug-
gested improvements. This approach to teaching procedures is also
known as the tell (teach in PowerPoint) – show (demonstrate) – do
(performance by trainees) – feedback technique.
The module on sterile procedures followed a similar pattern,
giving a short theoretical introduction, followed by the tell-show-
do-feedback approach for essential sterile techniques such as
wearing sterile gloves and hub care. The third module was about
general measures and also involved having a short PowerPoint
about important topics including cleanliness in the ward, isola-
tion/cohorting of infected or colonized babies, and brain storm-
ing on how the issues at hand could be improved in the local
setting.
Each module was interactive and was fully developed by the
nurses themselves, which resulted in a solid sense of ownership
and enthusiasm during the delivery of the modules.
Emerging themes from the nurses reflective portfolios included:
significant increases in confidence in module presentation, knowl-
edge and skill gains in research and training, and positive
suggestions and enthusiasm for ongoing training.
Nurses scored higher in the post-test than in the pre-test.
The answers to questions regarding attitude also showed that
a marked improvement had occurred. The structured feedback
given by the participants showed a high level of appreciation of
the course content, the course structure, and the way the course
was conducted.
The trained educators presented the modules to all NICU staff
at the end of the course and repeated their presentation in slightly
different formats every 2 months for 1 year. Since then, other mod-
ules covering a range of unrelated areas have been created and
CNE has become a weekly, well planned, and structured event in
the NICU and almost exclusively delivered by nurses.
After the intervention, the psychological principles learned in
the course were applied throughout the workplace by doctors and
senior nurses. Whenever feedback needed to be given to nurses,
a sandwich technique was used (positive–negative–positive) and
the number of days, free of nosocomial infection was visibly dis-
played in the ward. For every 14 consecutive days of no nosocomial
infection, a small celebration was organized.
Bacteremia rates in the NICU during the years before and after
the program are shown in Table 1. A marked reduction in bac-
teremia rate was noted from 2007 onward. The mean difference
of the total bacteremia rates before and after intervention were
significant (p< 0.001). The reduction was significant for both
Gram-positive and Gram-negative bacteremias. It was sustained
for at least 3 years from the beginning of intervention. The yearly
bacteremia rates are shown graphically in Table 2.
The admission rates per year have increased over the years of
the study period making the NICU busier (1131, 1191, 1416, 1485,
and 1725 for each of the consecutive study years, respectively).
There were no changes in admission criteria. Even though the
number of admissions increased, the absolute counts of positive
blood cultures per year decreased post intervention.
DISCUSSION
This psychologist-led 2-week intensive training course for senior
nurses from the NICU with focus on retrieval of evidence and
effective sharing of evidence is a novel approach in infection
control. It was followed by a well-structured continuous nurse
education, application of the psychological techniques learned,
and a sustained reduction in infection rate in the NICU.
Other studies have reported interventions for infection control
to have a variable efficacy and sustainability. Targeted interven-
tions on infection control especially hand-hygiene compliance
among staff were associated with significant decreases of bac-
teremia caused by clonally related pathogens, overall mortality,
but had no significant effect on the rates of colonization with drug
resistant pathogens (12–14).
Nurse educators have an important role to play in sustaining
acceptable infection control. Hand-hygiene promotion, guided by








Rate of bacteremia (number of positive blood cultures/100
admissions)
17.5 (4.7) 10.3 (3.9) 7.1 4.9-9.3 0.027
Rate Gram-negative bacteremia (number of Gram-negative
cultures from blood/100 admissions)
7.9 (2.8) 3.9 (2.8) 3.9 2.5, 5.5 <0.001
Rate of Gram-positive bacteremia (number of Gram-positive
cultures from blood/100 admission)
10.4 (3.9 ) 6.2 (2.8) 4.2 2.4, 5.9 <0.001
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Table 2 |The mean monthly bacteremia rate for each of the study
years.
Year Mean 95% CI SD
2005 17.1 14.4, 20.0 4.4
2006 18.1 15.6, 20.5 3.9
2007 12.0 8.7, 15.3 5.2
2008 9.5 7.4, 11.5 3.2
2009 9.0 7.4, 9.6 2.5
health care workers’ perceptions, identification of the dynamics
of bacterial contamination of health care workers’ hands, and
performance feedback, was effective in sustaining compliance
(14). Education on hand hygiene has been shown to improve the
compliance to hand hygiene and infection rate (12, 14, 15). An
effective delivery and a proper understanding of the evidence are
the keys to the success of the education program.
In some developed nations full-time, trained, in-service nurs-
ing educators (often Master or PhD level) are available to provide
in-service training. Our present nursing career structure does not
appear to support this model. Previous attempts in the NICU
where the currently reported study was conducted, to obtain a
fully trained in-service nurse educator have failed. Opportuni-
ties for further studies were made available and selected NICU
nurses, who took these up moved away from the clinical set-
ting usually into senior management or education positions in
nursing schools. Our study suggests that an alternative model
for providing in-service education is to provide clinical nurses
with the above combination of skills. We believe that the success
of this program lay in the integration of evidence-based prac-
tice skills with the understanding of adult learning and of the
enablers and barriers to change. If ward-based knowledge and
skills in evidence-based practice and education is desirable in
nurses, then it could be asserted that the most expedient way of
providing this without the subsequent loss of the trained staff, may
be the provision of short and practical hospital based courses to
train a critical mass of nurses with these skills. In our setting, we
found that six trained nurses were able to significantly reduce
bloodstream infections. We feel a psychologist with an under-
standing in adult education was the key person. The fact that
this psychologist had some skills in EBP meant that she could
design this effective intervention. The input of a psychologist
with such qualifications is likely to be beneficial for the future
nurse educators to effectively change behavior of the nurses in
the NICU.
A weakness of this study is the lack of controls. With time, the
bacteremia rate might have improved even without the interven-
tion. But the sharp and statistically significant decrease in infection
rate that happened in the NICU in 2007 and was sustained in
subsequent years suggests that the described intervention is likely
to have contributed to the acceleration of reduction in nosoco-
mial infections in the unit. The sustainability of the effect of the
course may be related to the application of sound psychological
knowledge and methods in the CNE and nursing management in
the neonatal unit (7–11). Another weakness is that some of the
bacteria cultured from the blood of patients in the NICU may
have been contaminations rather than real infections. However,
it is unlikely that the rate of contaminated blood cultures would
have differed a lot over the years, since the technique and fre-
quency of blood cultures has not changed in the NICU. Availability
of data on hand-hygiene compliance could have made the link
between intervention and outcome stronger, but still the timing
of the drop in infection rate is suggestive that the intervention
was related to it. Previous attempts to educate the staff in the
NICU of HUSM had failed to have a sustained drop in infection
rates.
If in other centers, similar courses could be shown to be equally
effective, the concept of integrating psychology fully into nursing
education may be useful for many other middle and low income
countries where neonatal nosocomial infection rates are still high.
Developed nations that are short of nursing staff may also be
interested in the concept.
In conclusion, a 2-week nurse educator course, integrating psy-
chological scientific knowledge, evidence-based education, and
evidence-based medicine was conducted in HUSM and resulted in
a well organized and structured nursing CNE sustained over the
following 2 years. During the 2 years following the course, there
was a significant reduction in the bacteremia rate.
REFERENCES
1. Halder D, Haque ME, Zabidi MH, Kamaruzzaman A. Nosocomial bacterial
sepsis in babies weighing 1000-1499 g in Kelantan. Med J Malaysia (1999)
54(1):52–7.
2. Boo NY, Chor CY. Six year trend of neonatal septicaemia in a large Malaysian
maternity hospital. J Paediatr Child Health (1994) 30(1):23–7. doi:10.1111/j.
1440-1754.1994.tb00560.x
3. Boo NY, Wong YH, Lim VK. Pattern of neonatal septicemia in a Malaysian
maternity hospital. Med J Malaysia (1989) 44(3):189–93.
4. Kennedy AM, Elward AM, Fraser VJ. Survey of knowledge, beliefs, and prac-
tices of neonatal intensive care unit healthcare workers regarding nosocomial
infections, central venous catheter care, and hand hygiene. Infect Control Hosp
Epidemiol (2004) 25(9):747–52. doi:10.1086/502471
5. Pessoa-Silva CL, Posfay-Barbe K, Pfister R, Touveneau S, Perneger TV, Pittet D.
Attitudes and perceptions toward hand hygiene among healthcare workers car-
ing for critically ill neonates. Infect Control Hosp Epidemiol (2005) 26(3):305–11.
doi:10.1086/502544
6. Tvedt C, Bukholm G. Healthcare workers’ self-reported effect of an interven-
tional programme on knowledge and behaviour related to infection control.
Qual Saf Health Care (2010) 19(6):e7. doi:10.1136/qshc.2007.026252
7. Walker A, Larry H. A problem based learning meta analysis: differences across
problem types, implementation types, disciplines, and assessment levels. Inter-
discip J Prob Learn. (2009) 3(1):6–28. doi:10.7771/1541-5015.1061
8. Kolb DA. Experiential Learning: Experience as the Source of Learning and Devel-
opment. Englewood Cliffs, NJ: Prentice-Hall, Inc (1984).
9. Bandura A. Social Learning Theory. New York, NY: General Learning Press
(1977).
10. Bandura A. Self-Efficacy: The Exercise of Control. New York, NY: W.H. Freeman
(1997).
11. Savery JR, Duffy TM. Problem based learning: an instructional model and
its constructivist framework. Educ Technol. (1995) 35(5):31–8. doi:10.3928/
01484834-20101029-01
12. Lam BC, Lee J, Lau YL. Hand hygiene practices in a neonatal intensive care
unit: a multimodal intervention and impact on nosocomial infection. Pediatrics
(2004) 114(5):E565–71. doi:10.1542/peds.2004-1107
13. Gill CJ, Mantaring JB, Macleod WB, Mendoza M, Mendoza S, Huskins WC,
et al. Impact of enhanced infection control at 2 neonatal intensive care units in
the Philippines. Clin Infect Dis (2009) 48(1):13–21. doi:10.1086/594120
14. Pessoa-Silva CL, Hugonnet S, Pfister R, Touveneau S, Dharan S, Posfay-Barbe K,
et al. Reduction of health care-associated infection risk in neonates by successful
Frontiers in Pediatrics | Pediatric Infectious Diseases November 2014 | Volume 2 | Article 115 | 4
Van Rostenberghe et al. Psychologist-led infection control intervention
hand hygiene promotion. Pediatrics (2007) 120(2):E382–90. doi:10.1542/peds.
2006-3712
15. Allegranzi B, Sax H, Bengaly L, Richet H, Minta DK, Chraiti MN, et al. Success-
ful implementation of the World Health Organization hand hygiene improve-
ment strategy in a referral hospital in Mali, Africa. Infect Control Hosp Epidemiol
(2010) 31(2):133–41. doi:10.1086/649796
Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.
Received: 17 February 2014; accepted: 06 October 2014; published online: 19 November
2014.
Citation: Van Rostenberghe H, Short J, Ramli N, Geok TB, Subramaniam S,
Che Yaakob CA, Othman A, Ibrahim NR, Ho J, Mohamed Z and Hasan H (2014) A
psychologist-led educational intervention results in a sustained reduction in neonatal
intensive care unit infections. Front. Pediatr. 2:115. doi: 10.3389/fped.2014.00115
This article was submitted to Pediatric Infectious Diseases, a section of the journal
Frontiers in Pediatrics.
Copyright © 2014 Van Rostenberghe, Short , Ramli, Geok, Subramaniam, Che Yaakob,
Othman, Ibrahim, Ho, Mohamed and Hasan. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use, dis-
tribution or reproduction in other forums is permitted, provided the original author(s)
or licensor are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.
www.frontiersin.org November 2014 | Volume 2 | Article 115 | 5
